INTRODUCTION 24
Among tetrapods, the frequency content of a vocalization typically results from an airflow-25 dependent vibration of variably tensioned membranes at the source (syrinx and larynx) and 26 subsequent post-source filtering (e.g., vocal tract) ( likely determined by the biomechanical properties of the skeletal element(s) to which the muscles 36 attach, e.g., swim bladder, pectoral girdle, and the body wall that vibrates during the transmission 37 of any vibration into the aquatic medium (e.g., see Lancey, 1975; Fine et al., 2009) . 38
One of the best-known groups of sound producing fishes is toadfishes, a single order and 39 family (Batrachoidiformes, Batrachoididae) that include species commonly referred to as 40 midshipman fish and toadfish (Greenfield et al., 2008 exhibited a fairly flat envelope with a stable F 0 and a prominent harmonic stack throughout the 153 entire duration (Fig. 6A-D) . Hums can last for more than 1 h (Ibara et al., 1983) . Hum duration in 154 the sample studied here (N=91 hums, 9 nests) ranged nearly 1000 fold from 0.488 -451.44 s 155 (mean = 70.11± 88.78 s). Due to the rapidity of sound onset and offset, start and end times were 156 selected by visually determining the time at which the sound's amplitude above the background 157
envelope reached approximately 50% of its maximum value. Limitations in recording technology 158 at the time of data collection (1997) precluded recording sounds that lasted over an hour, but 159 anecdotal reports suggest that they are not uncommon. 160
Measures of F 0 were taken at five time points in each hum: at the start; at the first, 161 second, and third energy quartiles; and at the end. Start and end positions are defined above, and 162 energy quartiles are defined as time points that divide the sound into quarters, each containing 163 25% of the sound's summed energy. If an overlapping growl or grunt coincided with any of these 164 measuring points, the nearest measurable slice was taken instead. The F 0 was measured using a 165 750 ms spectrogram slice at each of these time points. Due to computer memory limitations, 166 these periodic measurements were taken only on hums under 300 s in duration. For the entire 167 sample size, hum F 0 ranged from 84.0-104.1 Hz (mean = 96.8 ± 5.4 Hz; N=91 hums, 9 nests). 168
Temperature variance at recording sites throughout the night (14.24°C to 16.32°C) could largely 169 account for the F 0 range (see below). For this same sample, hum F 0 measured over the time course 170 of this sample of individual hums was highly stable, only varying by 0-6.0 Hz (mean = 1.7 ± 0.95 171 Hz Growls are the least studied in a behavioral context but appear to be made by type I males in an 185 agonistic context (Bass et al., 1999) . For example, growls were heard from the nest illustrated in 186 Figure 1C just prior to overturning the rocky shelter (observed by A. Bass, M. Marchaterre). 187
Growls, like grunts and hums, were also produced repetitively although at more variable and 188 longer intervals (Fig. 7) . Duration was intermediate between that of individual grunts and hums, 189 varying nearly 60 fold from 0.197 -11.62 s (mean = 2.76 ± 2.49 s) (e.g., Fig. 7) . The complexity 190 of growls (Fig. 8A ) became especially apparent in spectrograms that revealed a prominent 191 harmonic structure with abrupt frequency modulation (Fig. 8B ). Closer inspection showed that 192 growls could often be separated into initial sections of variable though higher PRR ranging from 193 74-117.1 Hz (mean = 106.5 ± 6.37 Hz) (Fig. 9A, B ) and a section towards the end of distinctly 194 more variable amplitude and lower PRR ranging from 46.4-96.9 Hz (mean = 70.9 ± 9.31 Hz) (far 195 right panel, Fig. 9C ). The majority (67%) of growls analyzed exhibited this high-to-low PRR 196 shift. The others began with a low PRR section, and many alternated back and forth between the 197 two modes, yielding a vast range of sound variability (Figs. 7-9). Background hums were always 198 apparent in the spectrograms of growls (Figs. 8, 9 ), as they were for grunts ( 10A-C) compared to the more stable, cyclical-like change in AM observed for grunt trains and 210 isolated hums (Fig. 10D , E and insert). Grunt trains showed the greatest magnitude of change 211 because of the sharp rise and fall in amplitude for individual grunts (Fig. 10D) . The variable AM 212 amplitude of acoustic beats ( Fig. 10F and insert) resembled that of growls. 213
We quantitatively compared the AM of growls to that of overlapping hums, i.e., acoustic 214 beats, the other acoustic signal with long durations and a comparable magnitude of AM (Fig.  215 10A-C, F). Since all natural habitat recordings included hums in the background (see prior 216 section), we analyzed growls in cases where background humming was minimal compared to the 217 signal of interest. Individual grunts and hums were not analyzed since they typically did not 218 exhibit significant shifts in AM (Figs. 3C; 10E) . We also did not subject grunt trains to this 219 analysis since they would yield a predictable AM pattern with very high magnitude like that 220 shown in Figure 10D that is set by the IGI (Fig. 4B) SCC-PCo analysis of the three sounds showed that the first three principal coordinates accounted 238 for 26.47% of the overall variation in the data (PCo1: 11.49%, PCo2: 8.8%, PCo3: 6.15%). Each 239 sound type formed distinct clusters along PCo1 and PCo2 (Fig. 12 ). Growls had the highest level 240 of variability compared to hums and grunts as shown by the wide dispersion of points in the PCo 241 scatterplot (Fig. 12) . Consistent with dramatic differences in individual acoustic characters (prior 242 sections), SCC-PCo revealed a clear divergence in the acoustic structure of sound types. 243
Soundscape 245
As noted earlier, background hums are always observed during focal recordings of grunts, hums 246 and growls (Figs. 3, 6A, 8, 9 ). During a recording session, one is always aware of background 247 humming the entire evening (M. Marchaterre, A. Bass, personal observations). To visually 248 portray this constant background humming, figure 13A shows a 6 h recording from a single type I 249 male's nest. and buzzes that likely correspond to the growls described in the current report. Hubbs (1920) 291 notes the humming sound of midshipman that is later described, but not illustrated, in more detail 292
by Ibara et al. (1983) . Brantley and Bass (1994), followed by Lee (1996) follows. We identified the maximum peak in each call with the highest amplitude, and measured 484 the other pulses in the waveform relative to the amplitude of the maximum peak. This process 485 represented each peak in the waveform as a proportion relative to the call's maximum amplitude, 486 and consequently rendered the patterns of AM comparable across different calls. Normalized 487 amplitude differences were summed and divided by the number of slices in the sound to calculate 488 the total amount of amplitude change in the sound relative to sound duration. 489
The frequency of AM of growls and hums was also evaluated using the "ama" time wave 490 AM analysis routine in the Seewave acoustic analysis package in R (Sueur et al., 2008) . Sounds 491 were analyzed using a Hilbert amplitude envelope, and a window length of 16,192 points, and the 492 AM frequency was taken from the resulting peak in the envelope spectrum. Differences in the 493 degree of amplitude change and AM frequency, and the associated variability (using the 494 coefficient of variation) of these parameters between growls and hums were evaluated with a 495 nested-ANOVA using the JMP 10 statistical package (SAS, Inc.; Cary, NC). 496
Sequential, 1 h recordings covering an entire nocturnal calling period were selected for a 497 nightlong analysis. Sounds were decimated from 44.1 kHz sampling rate to a 2 kHz sampling 498 rate (using SoX, http://sox.sourceforge.net/). Decimated sounds were then visualized in Raven 499
Pro as a continuous, 6 h long spectrogram with a window size of 7000 points, dFT=8192 samples, 500 and 95% overlap. 501 502
Spectrographic cross correlation and principal coordinates analysis 503
Representative examples of different sounds were taken from each nest, bandpass filtered from 504 15-1500 Hz, and quantitatively compared using spectrographic cross correlation followed by 
